
Mem. S Alt. Vol. , 1 

© SAIt 2004 Memorie deiia 



Stellar evolution and the 'O-rich AGB sequence' 

F.M. Jimenez-Esteban 1 , D. Engels 1 , and P. Garcfa-Lario 2 

1 Hamburger Sternwarte, Gojenbergsweg 1 12, D-21029 Hamburg, Germany. 

2 ISO Data Centre / European Space Astronomy Center, Research and Scientific Support 
Department of ESA, Villafranca del Castillo, Apartado de Correos 50727, E-28080 
Madrid, Spain. 



Abstract. The 'O-rich AGB sequence' is a well defined area occupied by oxygen-rich 
AGB stars (OH/IR) in the IRAS two-colour diagram [12]-[25] vs [25]-[60] (Figflj. This 
sequence is interpreted in terms of evolutionary stage and/or progenitor mass with the aim 
to link observed classes of AGB stars and Planetary Nebulae (PNe). 
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1. Introduction 

One of the most fundamental questions that 
still remains open in the understanding of AGB 
stellar evolution is the interpretation of the 'O- 
rich AGB sequence' . It has been shown by sev- 
eral authors that this sequence reflects the in- 
crease of optical thickness of the circumstel- 
lar e nvelope as the star evolves along th e AGB 
(e.g. lBediirll987tlVolk & Kwokll988l) . 

However, this increase can be interpreted 
in two different ways: 

i) evolutionary sequence: every star would 
start the AGB phase at the blue end of this se- 
quence, and would later move while increas- 
ing its mass-loss rate until reaching the red ex- 
treme at the end of the AGB; 

ii) mass sequence: their different location 
would be just a consequence of their different 
initial mass, which would determine the mass- 
loss rate; 

iii) A third interpretation was proposed, which 
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Fig. 1. The position in the IRAS two-colour dia- 
gram of OH/IR stars in the sample. The solid line is 
the 'O-rich AGB sequence' (see text), and the IRAS 
colours are defined as: [12] -[25] = -2.5 log ^'^ 

and [25]-[60] = -2.51og£§§. 

is a combination of the previous ones: all AGB 
stars would move towards redder colours as 
they increase their mass-loss rate, but only the 
more massive stars would be able to reach the 
reddest end of the sequence. 
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In two previous works 

dJimenez-Esteban et alJ 12005 albh . we have 
studied a very large sample of OH/IR stars 
with a very good coverage of the whole 
'O-rich AGB sequence' (Fig.HJ. We also have 
photometric information not only in the mid- 
and far-infrared but also in the near-infrared 
where the bluer objects have the maximum of 
their spectral energy distribution. 

2. Luminosity, distance and galactic 
height 

Bolometric fluxes were obtained by integrating 
the photometric data available from the near in- 
frared to the far infrared domain (2MASS, own 
photometry, MSX and IRAS data), and extrap- 
olating both toward shorter and longer wave- 
lengths. The typical uncertainty is «40%. 

We selected from our sample 41 extremely 
red OH/IR stars detected in the direction 
of the Galactic Bulge, and assumed a com- 
mon distance (8kpc) to all them. The range 
of absolute luminosities obtained (Fig.|2j is 
strongly peaked around 3 500L o , in agree- 
ment with those found by other authors 
using different OH/IR star samples in the 
bulge with very d i fferent (bluer) colours ( e.g. 
IWood et alJ Il998t iBlommaert et alJ Il998l) or 
using sam ples located in diff erent parts of the 
Galaxy (Knaue r et all 12001 ). Then we con- 
clude that the luminosity function may be sim- 
ilar throughout the Galaxy and not very de- 
pendent on the colours of the stars selected. 
Our subsample of OH/IR stars in the Galactic 
Bulge is dominated by relative low mass stars, 
so, these stars can also reach the red part of the 
'O-rich AGB sequence'. 

We estimated the galactic height for the rest 
of OH/IR stars by simply assuming a common 
and constant luminosity Loh/ir of 3 500 L for 
all them. 

3. Interpretation of the 'O-rich AGB 
sequence' 

In order to have a good descriptor for the 
whole 'O-rich AGB sequence', we have used 
the parametrization introduced by the follow- 
ing equations: 
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Fig. 2. Absolute bolometric luminosity in thou- 
sands of L Q of the OH/IR stars belonging to the 
Galactic Bulge population. 

[12]-[25] = 0.912IjU ] 

[25]-[60] = -2.42 + 0.72,1 J 

Each point of the 'O-rich AGB sequence' 
can then be associated with a given value of A, 
and each star is then assigned a A value which 
corresponds to the nearest point in the 'O-rich 
AGB sequence'. 



Fig. 3. Galactic height distribution as a function of 
A derived for all the sources in the sample, excluding 
the Galactic Bulge OH/IR stars (Loh/ir = 3 500 L Q 
assumed). 

Fig-Elshows the galactic height in absolute 
value derived as a function of the A parameter. 
We found a very clear correlation, which im- 
plies that the redder part of the 'O-rich AGB 
sequence' must be populated mainly with ob- 
jects of higher mass. In addition, we found a 
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similar correlation between w exp and A. Note 
that assuming a different luminosity would just 
change the scale of the y-axis. 

The above results are only consistent with 
an evolutionary scenario in which all OH/IR 
stars would start the AGB phase, independent 
of their progenitor mass, in the bluer part of the 
'O-rich AGB sequence' and then they would 
evolve toward redder colors, although only the 
more massive stars would reach the very end 
of the sequence. 

In order to further characterise the stars 
populating the 'O-rich AGB sequence', we 
have divided the sequence in bins of A and de- 
termined the galactic scale height H associated 
(Fig.|4ji. Then we have classified all the OH/IR 
stars in our sample in 5 main groups. 
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Fig. 4. Galactic scale height distribution as a func- 
tion of the A parameter for all the sources in the sam- 
ple, excluding the Galactic Bulge. 

The 'extremely blue subsample' (A<0.6; 
H = 536pc) is dominated by OH/IR stars that 
can be identified as the result of the evolu- 
tion of low mass optically bright short period 
(<, 300 days) Miras (lTuralll994 . These OH/IR 
stars should be the progenitors of so-called 
Type III PNe dMaciel & Dutrall992l) . 

The 'blue subsample' (0.6 < A < 1.2; 
H = 344pc) is mainly formed by OH/IR 
stars identified as the result of the evolution 
of intermediat e pe riod 300 days) Miras 
dWood & Cahnl Wrk . These OH/IR stars 
should be th e progenitor of low ma ss (O-rich) 
Type II PNe (Maciel & Dut ral 19921) . 



The 'transition subsample' (1.2 < A < 1.8; 
H = 287 pc) populates the region in which 
OH/IR stars become optically thick. These 
OH/IR stars are the result of the evolution 
of intermediate period (300 -500 days) Miras 
dJuraet all 19931) . will probably transform int o 
C-rich AGB stars dGroenewegen et alJ l 1992>. 
and must be the progenitors of high mass (C- 
rich) Type II PNe {Maciel & Dutrall992l) . 

The 'red subsample' (1.8 </l < 3.0; 
H=193pc) is formed by OH/IR stars with 
optically thick circumstellar envelope. These 
stars are probaly undergoing Hot Botton 
Burning proces, and should be the progenitors 
of Type I PNe ( Ma ciel & Dutral 19921) . 

The 'extremely red subsample' (3.0 < A; 
H = 48 pc) is identified as the group contain- 
ing the most massive OH/IR stars in our sam- 
ple. They should be the precursors of the so- 
called OHPNe, heavily obscured OH/IR stars 
with radiocontinuum emission that have been 
proposed to be infrared PNe. 
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